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Advanced excimer-laser-annealing (ELA) technologies of Si thin films on glass have been reviewed. ELA-induced 
lateral grain growth seems attractive from an application view point since grains more than several microns in length 
can be grown by single shot of ah excimer-laser light pulse. There are two technological ways for enhancing lateral 
growth kinetics. The one is introduction of non-uniform light intensity on the sample surface. Different values of ther- 
mal energy density stored in the molten Si film results in its solidification time delay along the sample surface, which 
triggers the long lateral grain growth. The other is an application of a non-uniform sample structure, which causes a 
non-uniform heat removal rate, resulting in the solidification time delay. An underlayer plays also very important role in 
ELA. By using organic SOG as the underlayer, grains more than 20 microns in length could be grown, and by using po- 
rous silica the grain size became more than 0.1 mm. These lateral growth technologies seem applicable not only to thin- 
film transistors but also to solar cells. 



1. 14 . U «> C 

si e>mi£ikmm&m&&m%L±izmi$.-rz (sol sili- 
con on Insulator) tt*l£. 20 ^gfu <Off=7 7 it =t- fcf* 
*> l >izMZ>Zb&-?£Z. m*t£ SOI &&&&& 

nZflTZtctf*, (1) fcmtt&ZM.&:^tcZb, (2) 

smmizbtc y> r si m&&m vtm^M s tz #>\z s 
tea* h <Dmm*mv e> a^tczt, $ h k a o) 
f&mmmi&fr^tcz. tt£t'i>mmvx, so^m^ 

^^5.t7c:o zvmgkrj xyuj-zte, awns? 

~>V?s$ (TFT: Thin-Film Transistor) 3) <D^ hV t £ 

^x, mik<D-®*A<Dmmzteu-izmw}Tz. *mw. 

nmiZlt, 300'C gS©l«£I-!r/7 CVD ft 41 



E-mail: maiumura@pe.tiiech.ac.jp 



fci oTj£jg&U7t^JI«Si(a-Si) SrJH^./C^a-Si 

mm it, m*<owin icmmm^^tc » \zi&kmkis ? 

-(Dtcft, m&Ti xruj <D-m (Di&mmtt. mum 
m®%.&, m&mmmt, mmt)t&mtezmm\sX, 

ftfc^VNfctet6^tL7cTFT^^l|{J:^7c. *fc, 

itx\,^z&, z:<Dmmaz£:x hiC&tbZZ. 

*mfa±izmm-tz&mmmz>x-m^<Dx, mm&m 
<DTFT&*it>L,ixx^z>. zmik^m 
rnihv si mmzm&mizm^z tft fr&m £ 

lV7s f£|gtf>^3r S/T U —If (Excimer-Laser) 5> L X, 

ft&<Dtej*isis-ifmztt^x&m*>jz£t£ytmj3 

+) &x 3 i. 5 izta o7c. >^ — r ^tili, 



'a n E m 



l©K8*©««l*l«rtfc*ra«Si»M*tt 

U— lfi§S£ ' W&ih'ik (ELA: Excimer-Laser Annealing) 

^±{cH^.i"-5 (v/^.^ A • • /-^A- : System-on- 
PaneO Cii^SftirLT^*^ 20.#ttK» 

*fc," W<osifIMSffiii, -MA Si 

CO^r— ^fe^>. ELA SI*, £©2l1£j£Ofi 

2. I*'>7U-fO)«a 
2.1 X*v-7U--»f(D«lg 

L< i 3tV^SflBffl*S»Sfe LT, Xe 2 OJ:5<t 

^■^f&S. ^tOJftJ&O^^^^ (excimer=ex- 
citeddimer) i4r ->^e !4*V^<P3i'*yP4f — £ 

M*>, L*^^14?iH-£-Tl*j^©T*, Mfc5c©J» 

fcx^^vu— iffi, 1970 ^JcJgJfiKfiMb Lit. 
1975*|MC*0©T3S3K$tlfc. ^ LT, CO^'X-au 

^©i£^£-fc>-fr&fflvvc, *«a*lcJ:oT»fii-5 
U—iTtt. I976#CM»*n, 80 

M4i^y-7 U-if ©#&£ Table 1 fC^-T. ft 
380 nm #T©Jg»*«*iT?{i Si ©#IJMX«»*M$©T 
**V>©t?, ^fC^i: ©l<-if#<b Sii$J?g©SEM 

4tfcV\, CCDfcfo, if Ox^i/Tb- if £ffiV^T <b, Si 



Table 1 Typical Excimer Lasers and their important features. 
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Fig. 1 Important phase transitions for ELA. 



Fig. 2 Schematics of Si-ELA. (a) Partially melting, (b) Just 
before "completely melting", (c) After "completely 
melting". 
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Fig. 3 Schematics of time-dependent temperature when the 
Si thin- film is completely molten by ELA. Solid 
curve: thick Si film. Dotted curve: thin Si film. 




Laser Intensity 

Fig. 4 Schematics of average grain size as a function of laser 
light intensity. 
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Fig. 5 Various large-grain growih technologies, (a) Sub- 
strate heating method, (b) Dual beam method, (c) 
Double pulse method. 
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Fig. 6 Membrane structure used for first observation of 
ELA-induced. lateral growih. 
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Fig. 7 TEM image foi laterally grown grains on the SiO : membrane. 
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Fig. 8 Schematics of lateral grain growth, (a) Lateral growth 
induced by lateral heat loss, (b) Random nucleation 
caused by vertical heat loss, (c) Method of suppres- 
sion of random nucleation (energy gradient method). 
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Fig. 9 Phase-modulated ELA method, (a) Schematics of ex- 
perimental system, (b) SEM image for the crystallized 
Si film (After Secco etching). 
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Fig. 10 Computer results of grain growth for the energy gra- 
dient method, (a) Light intensity distribution, (b) 
Temperature distribution just after the light irradia- 
tion, (c) Temperature distribution at 180 ns after the 
light irradiation. 
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Fig. 11 Computer results on the temperature profile at the 
Si/underlayer interface. 
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Fig. 12 Sample structure for non-uniform heat loss ( Ad- 
vanced P'ELA method), (a) Reduction of heat re- 
moval rate by elevating the underlayer temperature 
(P : ELA), (b) Acceleration of heat removal rate by 
reducing the temperature (CN-ELA), (c) Combined 
method (advanced P : ELA). 
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Fig. 13 Time-dependent temperature profiles for the ad- 
vanced P 2 ELA. 
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Fig. 14 SEM photograph of the Si film crystallized by the advanced 
P r ELA. 
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